Objective-To examine the benefits of restoring atrioventricular synchrony to children with His bundle tachycardia after operation for congenital heart disease.
1990.
Patients-Eleven consecutive children (aged between 3 days and 13 years) with haemodynamically significant His bundle tachycardia after cardiopulmonary bypass surgery.
Interventions-Atrial pacing synchronised either manually or automatically to the R wave of the His bundle tachycardia was implemented so that atrial depolarisation preceded the following R wave by an appropriate PR interval.
Results-An immediate and sustained increase in mean systemic blood pressure (average 15 mm Hg, range 6-30 mm Hg) was seen with the onset of atrial pacing in 10 of the 11 children. One child, who had undergone a Fontan procedure, developed atrial flutter shortly after the onset of atrial pacing and required direct current cardioversion. Four children died. Of the seven survivors, six have sustained sinus rhythm which returned between two and 10 days after the onset of tachycardia. One of the survivors has severe neurological impairment attributed to a period of low cardiac output during tachycardia; the others are alive and well. In those children who did badly the mean time between arrhythmia occurrence and the start of atrial pacing or cooling or both was nine hours; in those who did well it was one hour.
Conclusions-Atrial pacing synchronous with the His bundle is a useful adjunct in the management of children with His bundle tachycardia after surgery for congenital cardiac disease.
His bundle tachycardia occurring soon after operation for congenital heart disease is associated with a high mortality and significant morbidity.'2 Rapid tachycardia rates combine with loss of atrioventricular synchrony to limit severely cardiac output. Management is difficult because the arrhythmia is unresponsive to conventional methods of treatment. Should the child survive, the natural history is one of spontaneous termination between three to eight days after surgery. Though antiarrhythmic drugs may be helpful their use is limited by the severe haemodynamic impairment that frequently accompanies this arrhythmia. Bash et al successfully controlled the tachycardia rate in three children with corporal cooling and these and other workers have used atrial pacing at a rate greater than that of the tachycardia to further increase cardiac output after the rate has been reduced. 3 We used a new technique to restore atrioventricular synchrony. We synchronised the atrial pacing to the R wave of the tachycardia so that atrioventricular synchrony was restored without a further increase in heart rate and we evaluated the success of this approach as an adjunct to other methods of controlling post-surgical His bundle tachycardia.
Patients and methods
Between September 1987 and June 1990 we treated 11 consecutive children for haemodynamically significant post-surgical His bundle tachycardia. Their ages ranged between three days and 13 years. All developed His bundle tachycardia in the immediate postoperative period after operation for various congenital anomalies (table 1) . Four children underwent complete correction of tetralogy of Fallot,. two correction of double outlet right ventricle with subaortic ventricular septal defect, one patch closure of ventricular septal defect, one complete repair of atrioventricular septal defect, one complete repair of common arterial trunk with a homograft, one a mitral valvuloplasty for a dysplastic mitral valve, and one a Fontan procedure for tricuspid atresia. All operations were performed on cardiopulmonary bypass and were considered a "successful" repair by the surgeon at the time of operation. Two children (patients 1 and 5) developed complete atrioventricular block during surgery. Complete atrioventricular block was diagnosed by the presence of atrioventricular dissociation with a ventricular rate slower than and independent of that of the atria. His bundle tachycardia was diagnosed within six hours of surgery in seven of the children, within 12 hours in a further three, and in one child His bundle tachycardia developed 30 hours after operation. The two children who Till, Rowland beats/minute to 280 beats/minute (mean 216).
All patients developed a severe low cardiac output with the onset of tachycardia and seven were oliguric with a urine output less than 1 ml/kg/hour. Initial management varied because it was undertaken by the doctor in charge of intensive care. All were treated with inotropic drugs to support a falling blood pressure. These included dopamine, dobutamine, adrenaline, and isoprenaline. A mean of 2 2 inotropic drugs were being given when His bundle tachycardia was recognised. All patients were receiving routine antibiotic treatment of flucloxacillin and gentamicin. Eight children were initially treated with antiarrhythmic drugs. Amiodarone was used in six (5 mg/kg intravenously over 20 minutes) followed by a continuous infusion (15 mg/kg/ day) and resulted in a reduction of tachycardia rate in five but failed to restore sinus rhythm in any child. One child who became hypotensive 10 minutes after the administration of amio- darone was given an intravenous bolus of calcium which precipitated ventricular fibrillation. One child was given flecainide (2 mg/kg intravenously over 10 minutes) and again this reduced the tachycardia rate but without return to sinus rhythm. An intravenous infusion of flecainide was therefore continued for a further 36 hours. Digoxin (standard intravenous loading dose for age followed by a maintenance regimen) was given to three without an immediately recognisable beneficial effect. One child was cardioverted with direct current without effect and in three further children atrial overdrive pacing, used in an attempt to terminate the arrhythmia and regain sinus rhythm, was unsuccessful. Ten children were surface cooled to a core temperature of 32°C with cooling blankets and ice packs. In all patients we used vecuronium to achieve paralysis and chloral hydrate or midazolam for sedation.
Atrial pacing was used to restore atrioventricular synchrony in all 11 children. The atrial pacing stimulus was synchronised with the R wave of the tachycardia either manually or automatically so that atrial depolarisation preceded ventricular depolarisation by a physiological atrioventricular interval. Initially we manually adjusted the relation of the atrial pacing stimulus to the R wave of the successive QRS complex by means of a simple standard temporary pacing box and two atrial wires. Having recognised the success of the technique we produced the same effect automatically by using two stimulators in concert-one to receive the input from the ventricle and the other to pace the atrium after a preset delay. We achieved a similar result with a dual chamber analyser (Medtronic) when the ventricular temporary pacing wires were connected to the atrial input and the atrial wires were attached to the ventricular output in the VDD pacing mode with an atrioventricular delay set so that the atrial pacing stimulus The underlying rate and rhythm were assessed regularly. Atrial pacing was stopped at least daily to establish whether the child could manage without pacing. Similarly, after haemodynamic stability had been achieved the child was rewarmed at intervals to see whether he would tolerate a higher temperature. Seven children survived. Of these, six returned to sinus rhythm after 2-10 days (mean 6 days) and one returned to a slow junctional rhythm. One survivor suffered extensive neurological damage attributed to low cardiac output. Four of the 11 children died. One died shortly after the tachycardia was recognised and neither cooling nor atrial pacing had been well established. We think that this child had had unrecognised episodes of His bundle tachycardia four hours after the operation. Atrial pacing and cooling were delayed until 20 hours. Three further children died despite effective atrial pacing and cooling. Though the small numbers do not allow proper statistical analysis an important factor contributing to outcome in some children seemed to be the length of time the child was in His bundle tachycardia before atrial pacing or cooling or both were started. In children who are alive and well (patients 2, 3, 5, 7, 10, and 11) the mean time between the occurrence of arrhythmia and the start of pacing and cooling was approximately one hour. In contrast, in the group who did badly (patients 1, 4, 6, 8, and 9) the mean time between arrhythmia occurrence and the start of pacing and cooling was nearly nine hours. --E t -f -6 1 ' t ---' i O * ' } 1 --< i 1 ----e a j -t . . -W t . . t e ; j . .
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